The production of somatic embryos in alfalfa (Medicago sativa L*, cv Regen S) is increased 5-to 10-fold by alanine and proline. However, utilization of nitrogen for synthesis of protein from alanine, proline, glutamate, and glycine is not qualitatively different, even though the latter two amino acids do not increase somatic embryo formation. These determinations were made by '"N labeling with detection by nuclear magnetic resonance. Overall metabolism of the nitrogen of proline, alanioe, glutamate, and glycine is also similar in two regenerating and nonregenerating genotypes with similar germplasm, except that the levels of free amino acids are consistently higher in the nonregenerating line. In addition, when regeneration is suppressed in either of the two regenerating lines, the level of intracellular free amino acids increases. This increased level of metabolites is the only direct evidence provided by analysis of nitrogen metabolism of differences between the regenerating and nonregenerating states in alfalfa.
Specific forms of reduced nitrogen have been reported to increase somatic embryogenesis in a number of plant species. Ammonium ion and various amino acids, particularly alanine and glutamine, increase somatic embryo formation in suspension cultures of carrot (3, 18) . Ammonium ion plus glutamine enhances somatic embryoid formation in suspension cultures of cotton (5) . Development ofshoots is favored over root formation when the ammonium concentration is decreased in cultures of Atropa belladonna (14) . A similar effect of ammonium ion is observed in regeneration of shoots from alfalfa tissue in culture (15) , but in this case shoots form from somatic embryos (2) . Regeneration in alfalfa can be accomplished with a two-step treatment involving first an exposure to cytokinin and 2,4-D, and second a transfer of the tissue to an agar regeneration medium without hormones (16) . The number of somatic embryos formed can be as much as doubled (over control cultures) by manipulation of the ammonium ion concentration. Somatic embryo formation is optimal at 12.5 mM (15) .
The role of reduced nitrogen compounds in the formation of somatic embryos is unknown. This paper reports the use of CPMAS' (8) and DCPMAS (10) (10) . This DCP difference spectrum can be used to determine quantitatively the fractions of specific "IN-'3C bonds relative to the corresponding "N-"-C bonds (8) .
RESULTS Effect of Amino Acids on Somatic Embryo Formation. The number of somatic embryos formed after the SH-2,4-D/K treatment, and after growth on a regeneration medium, depended on the alfalfa genotype and the reduced nitrogen source in the regeneration medium (Table I) . Somatic embryo formation was best in RA3, especially when SH medium was supplemented with 50 mm proline or alanine. The addition of glutamate or glycine to SH medium resulted in poor or no somatic embryo formation. The effect of different nitrogen sources on embryo formation with RA3Xfalcata Regen tissue was similar to that of RA3 with the exceptions that smaller numbers of embryos were formed with SH medium alone, and with SH medium supplemented with proline and alanine. No embryo formation was Peaks are resolved arising from nitrate nitrogen (350 ppm), histidyl nitrogen (140 ppm), peptidyl and amide nitrogen (100 ppm), guanidyl nitrogen (60 ppm), prolyl nitrogen (30 ppm), aamino nitrogen (20 ppm), and epsilon-amino nitrogen (10 ppm). The peak marked spinning side band (at -60 ppm), as well as the peak at 260 ppm, arise from the mechanical sample spinning.
The levels of "IN used for the synthesis of protein (peptidyl and amino acid side-chain nitrogen) after growth on various "5N nitrogen sources were determined for the RA3xfalcata Regen and Nonregen genotypes from spectra like that shown in Figure  1 . These results are summarized in Table II . Nitrogen from nitrate, ammonium, or amino acids used for the synthesis of protein represents from 20 to 50% of the total nitrogen of the tissue after 7 d of growth on regeneration medium (Table II) . Table III for the logistics). After 3 d on regeneration medium, the cells were harvested and examined by CPMAS '5N NMR. Typical spectra are shown in Figure 2 . These spectra were used to determine the relative contributions to metabolism from each of the nitrogen sources (Table III) . Under regenerating conditions, proline nitrogen preferentially replaced nitrate rather than ammonium nitrogen (Table III, second row from bottom).
Growth of the cells during the 3 d on regeneration medium depended on the induction treatment and whether they were growing on SH or SHP. For the treatment SH NAA/K to SH, no net increase in fresh weight was observed; SH NAA/K to SHP, 5% increase in fresh weight; SH (Figs. 3 and 4) . Fig. 5 , left, top and bottom). After 7 d, the incorporation oflabel into protein for the nonregenerating NAA/K treatment was approximately one-halfthat ofthe regular SH-medium treatment, while the free amino acid peak was the same on an absolute basis, but greater when normalized to protein-nitrogen incorporation.
Metabolism of Double-Labeled Proline. Incorporation of '5N from proline into peptide nitrogen was similar in both RA3 crosses, but the nonregenerating line has more than a 3-fold greater concentration of free proline (Fig. 6, left) . The DCP difference spectra show that '5N-'3C double label is present in protein and in free proline in both of the samples (Fig. 6, right) .
Based on the relative size of the difference spectra to the 5-mshold normal spectra, approximately 90% of the total '5N of the free proline of both samples has adjacent '3C (8 sively taken up and used by the cells (Figs. 2-6 ). Differences in the degree of utilization of nitrogen for synthesis of protein can also be eliminated. All four amino acids tested contributed significantly to the synthesis of protein in both the RA3xfalcata Regen and Nonregen lines, even though there was sufficient nitrate and ammonium present for growth (Table II) . In addition, neither of the RA3 crosses preferentially used the nitrogen from an amino acid which increases embryo formation. For example, adding proline to glycine results in a reduction in the utilization of labeled glycine nitrogen for the synthesis of protein, but only in proportion to the isotopic dilution of the amino acid pool (Fig. 4) . We conclude that the incorporation of nitrogen into protein from amino acids is independent ofwhether the genotype forms somatic embryos, and independent of whether the amino acid increases somatic embryo formation.
Proline Metabolism. Metabolism ofproline by RA3 is different when regeneration is suppressed by the SH NAA/K treatment. Free proline is formed from nitrate or ammonium (Fig. 2 , second from top), while less nitrogen from added labeled proline is used for synthesis of protein (Table III) . Furthermore, the shoulder on the left-hand side ofthe peptide nitrogen peak (Fig. 2, bottom) is an indication that a large fraction of the labeled proline was incorporated into protein directly. We think that this represents synthesis of cell-wall protein rich in proline and hydroxyproline residues ( 13) , the nitrogen resonances of which are at low field. Enhanced cell-wall synthesis is sometimes an indicator of metabolic stress ( 13) , and seemed possibly related to the suppression of regeneration by induction treatment.
To (Fig. 6) . That is, for the RA3xfalcata nonregenerating line, there is no indication of abnormally high cell-wall synthesis.
Free Amino-Acid Levels. Although few differences are observed in the utilization for protein synthesis of nitrogen from amino acids which either do, or do not, increase embryo formation, a significant difference is consistently observed in the level of "5N label appearing in free amino acids. Our results show that the free amino-acid '5N peak (generally about 20 ppm; but 15 ppm for glycine and 30 ppm for proline) is larger in the following situations: (a) in a nonregenerating compared to a regenerating genotype; (b) when regeneration is suppressed in regenerating genotypes; and (c) when labeled amino acids which do not increase regeneration are administered, compared to those which do increase regeneration. These comparisons are true for glutamate and alanine (Fig. 3) , glycine (Fig. 4) , and proline (Fig.  6) , and are independent of when the cells were harvested (Fig.  5) . This increased level of intermediates (4) might be due to a lower metabolic energy state under nonregenerating conditions, 583 even though overall cellular growth is comparable to that under regenerating conditions. '5N NMR has been useful in eliminating a variety of possibilities for the enhancement of regeneration by some amino acids (uptake, preferential metabolism, metabolic stress). However, '5N NMR is not particularly well-suited to explore the question of metabolic energetics. In the past, 31P NMR has been used successfully to examine the in vivo generation and utilization of phosphate-bond energy, and in vivo acid-base balance. We have used 31P NMR to examine regenerating and nonregenerating alfalfa tissue. As a result, we have established a simple correlation which suggests that the failure for some alfalfa tissue to regenerate is linked to the failure to maintain a sufficiently high intracellular pH. These results are reported in the following paper (6) .
